INTRODUCTION
The relationship between closure of the Panama gateway and major oceanographic and climatic changes has been debated for many years. For example, a model of global ocean circulation that includes an open Panama gateway suggests that the closure was a prerequisite for development of the modern thermohaline circulation (Maier-Reimer et al., 1990 ). In addition, there has been a long-held view that the final closure of the Panama gateway and formation of a land bridge ca. 3.5 Ma (Keigwin, 1982) resulted in the onset of Northern Hemisphere glaciation, the supposed link being the diversion of the flow of highly saline Atlantic surface waters from the Pacific into the North Atlantic after closure. This change led to an enhancement of deep-water formation in the North Atlantic, causing thermal isolation of the Arctic and cooling of the polar regions (cf. Kaneps, 1979; Keigwin, 1982; Stanley, 1995) . Together with an increased transport of moisture to the Arctic, these effects have been considered to be the cause of the intensification of Northern Hemisphere glaciation (Driscoll and Haug, 1998) . However, Berger and Wefer (1996) argued the opposite and claimed that the enhanced transfer of warm water into the North Atlantic accompanying the restriction of water-mass exchange through the Panama gateway delayed the onset of glaciation by several million years.
The persistence of such entirely different views reflects in part the considerable uncertainty surrounding the geologic evolution of the Central American isthmus. There are indications for a shallow sill at about 1000 m water depth as early as 12 Ma, which restricted water-mass exchange between the Atlantic and the Pacific (Duque-Caro, 1990) . Evidence from fossil vertebrates for a first land bridge as early as 8-9 Ma (Marshall, 1985) and for a sill depth of 200-500 m in the Panama Canal basin at 6 Ma (Collins et al., 1996) demonstrates the complex nature of the closure history. There is little reliable information on the evolution of neighboring basins and straits, and the final closure of the gateway ca. 3.5 Ma (Keigwin, 1982) may not have been the only, or indeed even the most significant event with respect to ocean circulation. The amount and direction of water flow through the Panama gateway are even more difficult to reconstruct from the geologic record (Collins et al., 1996) . As such, there are few tight constraints to impose on ocean circulation models. However, sensitivity experiments indicate that a gateway fully open to deep-water exchange, such as was probably the case prior to 12 Ma, would prevent deep-water formation in the North Atlantic (Maier-Reimer et al., 1990) . A more restricted water-mass exchange through the gateway, however, seems to have allowed some deep-water formation (Mikolajewicz and Crowley, 1997) .
There have been few attempts to impose limits on water-mass exchange across the gateway through the use of radiogenic isotope paleochemistry. The clearly resolvable differences in Nd isotope composition between present-day Pacific and Atlantic Ocean water masses (cf. Piepgras and Wasserburg, 1987; Piepgras and Jacobsen, 1988) and the success in reconstructing the Nd and Pb isotope composition of deep-water masses over time from ferromanganese crusts Burton et al., 1997 Burton et al., , 1999 Christensen et al., 1997; O'Nions et al., 1998; Frank and O'Nions, 1998; Abouchami et al., 1997 Abouchami et al., , 1999 suggest that such an approach may provide important new insights.
MATERIAL AND METHODS
Ferromanganese crust GMAT 14D is a 7.2-cm-thick dredge sample from 13º59´N, 96º08´W and 4000-3400 m water depth at the southeast end of the Tehuantepec Ridge in the eastern equatorial Pacific Ocean (Fig. 1) . Crust BM1963.897 is 6 cm thick and was dredged from a water depth of 850 m on Blake Plateau, northwestern Atlantic, at 31ºN, 78ºW. Both crusts show macroscopically visible growth banding, and their major element composition indicates hydrogeneous formation. Sampling and mass spectrometric measurement techniques were compiled by Ling et al. (1997) and O'Nions et al. (1998) . Pb isotope ratios were measured on a Nu Instruments multiple-collector plasma-source Nd and Pb isotopes in Atlantic and Pacific water masses before and after closure of the Panama gateway mass spectrometer (MC-ICPMS). A newly developed Tl-doping procedure was used. This technique allows the measurement of Pb isotope ratios at a precision comparable to that achieved with double spiking (Belshaw et al., 1998) .
RESULTS
The 10 Be/ 9 Be ratios were determined on a depth profile of seven samples of crust GMAT 14D (Fig. 2) . On a plot of log ( 10 Be/ 9 Be) vs. depth, the data closely approximate a straight line and a regression analysis gives a growth rate of 10.34 ± 0.30 mm/m.y., corresponding to an age of 7 Ma at the base of the crust. The Nd isotope time series for the crust shows a total variability of only 0.5 ε Nd units around a value of -2.5, barely resolvable outside the analytical error and with the lowest values occurring in the interval from 7 to 4.5 Ma (Table 1; Fig. 3 ). The Pb isotope time series also show small, but in this case significant, variations. Pb isotope ratios are relatively constant in the section between 6.5 and 1 Ma and show no evidence for a shift at 4.5 Ma. Since 1 Ma there is a well-resolved trend toward less radiogenic values in all Pb isotope ratios.
In crust BM1963.897 there is a trend toward less radiogenic ε Nd and radiogenic Pb isotope ratios from ca. 8 to 5 Ma; then the Pb and Nd isotope ratios remained more or less constant until about 1.8 Ma, followed by another marked continuation of the trend toward less radiogenic Nd and radiogenic Pb until present 1 (Fig. 4) .
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DISCUSSION
The sympathetic shifts in ε Nd (from about -11 prior to ca. 3 Ma to -13 at the present day) and Pb isotope ratios (starting between 3 and 1.8 Ma) in two crusts from the northwestern Atlantic, BM1969.05 and ALV539 (Fig. 4) , which have grown from North Atlantic Deep Water (NADW), were considered to be related to the closure of the Panama gateway through changes in ocean circulation and increased deep-water formation in the Labrador Sea (Burton et al., , 1999 O'Nions et al., 1998) . Nd and Pb isotope records from the Arctic Ocean, however, show a similarly large shift ca. 1.8 Ma (Winter et al., 1997) . 10 Be/ 9 Be, which is also a water-mass tracer, shows no evidence for a change in NADW strength in the records of northwestern Atlantic crusts. It was therefore argued that the isotopic shifts in the northwestern Atlantic and the Arctic Ocean between 3 and 1.8 Ma were mainly caused by an increased input of exceptionally low ε Nd and highly radiogenic Pb isotope composition (von Blanckenburg and O'Nions, 1999) , most probably derived from the old continental rocks in Greenland and the Canadian shield in the course of the intensification of Northern Hemisphere glaciation ca. 3.2-2.6 Ma (Raymo, 1994) .
Crust BM1963.897 has grown from presentday Gulf Stream water and its predecessors in the northwestern Atlantic. The Nd and Pb isotope records from this crust (Fig. 4) show marked shifts from ca. 1.8 Ma until present, very similar to the two NADW-derived crusts farther north in the Atlantic. At the location of BM1963.897, ε Nd values have been systematically ~2 units higher, which is caused by a contribution of Antarctic Intermediate Water (AAIW) or Caribbean waters. In marked contrast to the NADW-derived crusts, BM1963.897 indicates a major decrease of a source with relatively radiogenic Nd and unradiogenic Pb between ca. 8 and 5 Ma (Fig. 4) . This change is interpreted to have arisen from the progressive restriction of water-mass exchange with the Pacific Ocean from at least 8 Ma. The restriction was essentially complete by 5 Ma and argues against Panama gateway closure as the direct cause of the intensification of Northern Hemisphere glaciation. This interpretation is in accordance with carbon and oxygen stable isotope results from Atlantic sediments, suggesting strong deep-water production in the North Atlantic since at least 5 Ma (Raymo, 1997) , and similar to modern Atlantic circulation patterns from ca. 10 to 12 Ma (Woodruff and Savin, 1989) .
In order to evaluate variable contributions of Atlantic water masses to the Pacific over the same period, the results from Pacific crust GMAT 14D are compared with the records obtained for the northwestern Atlantic. Owing to the large isotopic differences between the Atlantic and Pacific, the isotope composition of the deep-water mass that GMAT 14D has grown from would have been very sensitive to any change in supply of Atlantic seawater. Since 7 Ma the Nd isotopes in crust GMAT 14D have, however, only varied by 0.5 ε Nd units around a value of -2.5, which is 8-11 ε Nd units higher than deep-and shallow-water masses in the northwestern Atlantic. The small and barely significant shift of 0.4 ε Nd units toward more radiogenic values between -2.2 and -2.3 ca. 4.5 Ma is consistent with a reduced supply of Atlantic water during the closure of the Panama gateway and apparently in accordance with the timing of other effects of the closure of the isthmus ca. 4.6 Ma (Haug and Tiedemann, 1998; Driscoll and Haug, 1998) . The scenario at the Panama gateway may be to some extent analogous to the Mediterranean outflow, the history of which is clearly reflected in a deep-water Nd and Pb isotope record from a crust adjacent to the Strait of Gibraltar in the Atlantic Ocean (Abouchami et al., 1999) . If the small shift of 0.4 ε Nd units is interpreted as a change in the mixing proportions of Atlantic and Pacific waters, then mass balance limits an Atlantic contribution to <5% (assuming an ε Nd value of -10 for the Atlantic Ocean at 4 Ma). A depletion of Nd in the surface-water mass flowing through the gateway compared to the deep Pacific would lift this limit somewhat, but would still indicate a very small contribution of Atlantic waters, if any, during the 3-4 m.y. prior to closure of the gateway. For Pb, with its short oceanic residence time, a stop of a potential 5% contribution of Atlantic waters would be within statistical uncertainty of the measurements. Whereas there is apparently no evidence for a direct influence of Atlantic water masses, the ε Nd record in GMAT 14D reveals patterns of variation very similar to those of other crusts within the equatorial Pacific (Fig. 4) , which all show a decrease after 3-5 Ma . A transport of a northwestern Atlantic Nd isotope signature to the equatorial Pacific via the global thermohaline circulation would in principle be a possible explanation, but the lack of evidence for such a transport in the isotope records of two crusts from the Indian sector of the Antarctic Circumpolar Current system and the central Indian Ocean argues against this. The agreement between the 206 Pb/ 204 Pb and 207 Pb/ 206 Pb records in GMAT 14D and three other equatorial Pacific crusts is even more striking than ε Nd (Fig. 4) , but can definitely not originate from any North Atlantic contributions due to the short oceanic residence time of Pb, only ~100 yr. Consequently, the similar patterns observed in both Nd and Pb isotope records in four crusts from different water depths and water masses suggest a change in terrigenous sources within the Pacific, possibly influenced by increased eolian input since ca. 3-4 Ma (Rea, 1994) . The 208 Pb/ 206 Pb data in GMAT 14D differ from the Pb isotope ratios in the other Pacific crusts, either reflecting a higher variability of this ratio in the terrigenous sources or the influence of a local source in Central America.
